The distribution and accumulation of heavy metals in the surface sediment of Lake Junin National Reserve was evaluated using the pollution factor (CF), pollution load index (PLI) and geoaccumulation index (I geo ), during 2018. Surface sediment samples were collected from 10 sampling sites, with three repetitions, during the rainy and dry seasons. The heavy metals determined were Fe, Cu, Cr, Cd, Pb and Zn; As, was also determined. The results revealed the descending order of Fe > Cu > Zn > As > Pb > Cd > Cr concentrations recorded in the three sampling sectors. The values of the CF obtained for the metals qualified as low CF, in times of rain and low water. The CF values of Cd were qualified as moderate contamination factors at all sampling sites, except at LJ1 where it qualified as CF considerable. The PLI for Lake Junin ranged from 0.0721 to 0.3260. The I geo obtained indicated that the sampling sites are not contaminated by the heavy metals under study. Therefore, the mean values for heavy metals and As did not exceed the reference values and sediment quality guidelines. In general terms, CF, PLI and I geo indicate that there is no appreciable contamination by these metals in Lake Junin; except for Cd.
Introduction
Pollution of the aquatic environment by heavy metals is one of the main problems worldwide, as it affects not only the physical environment but also the functioning of ecosystems. Once released into the environment, heavy metals Open Journal of Marine Science circulate between biotic and abiotic cycles, accumulate in different compartments of the food chain and can reach toxic concentrations for animals, plants, microorganisms and even humans [1] . The presence of heavy metals in the environment is due to natural processes (erosion, atmospheric deposition and geological meteorization) and anthropogenic processes (industrial processes, domestic waste, agricultural activities and vehicle emissions) [2] .
At present, heavy metals are of great importance as indicators of the ecological quality of any aquatic ecosystem due to their toxicity and bioaccumulative behavior. Water pollution by heavy metals is a major environmental problem in modern society. Pollutants enter the aquatic environment through the discharge of wastewater from industrial, urban, and agricultural runoff, and are released, and are trapped in suspended colloidal sediments before sinking into bottom sediments [3] . Subsequently, they can accumulate in aquatic biota, and become organic complexes and biomagnify in the food chain [4] . In addition, lake sediments are the secondary source of pollution that restricts water quality; heavy metals cannot be removed by the self-purifying capacity of the water [5] .
Sediments play a fundamental role in the cycling of heavy metals in the aquatic environment; they are involved in the transport of many nutrients and pollutants. They also mediate their uptake, storage, release and transfer between environmental compartments. The liberation of heavy metals from the sediment to the water column will depend on the chemical fractionation of the metals, the pH of the sediment, and the physical and chemical properties of the water [3] . Determination of the spatial distribution of heavy metals in the sediment is essential to provide information on pollutant sources and to prioritize mitigation strategies. To date, various methods have been developed to determine the degree of pollution, safeguard the health status of the aquatic system and facilitate ecological risk management. The most commonly used indices in sediment pollution studies are the geoaccumulation index (Aegean), the enrichment factor (EF), the pollution factor and the pollution load index (PLI) [6] [7] .
In Peru, high Andean wetlands remain the least studied and represent one of the most threatened ecosystems. The decline in water quality that these ecosystems have been experiencing due to their inadequate management, despite the fact that they play a fundamental role in human well-being and the maintenance of ecological balance [8] requires a more integrated knowledge of the various processes that occur. Lake Junín is located in the Junín National Reserve, in the central Andes of Peru at 4090 meters above sea level. In 1997 it was recognized by the Ramsar Convention as a wetland of international importance, as an important habitat for some 20,000 waterbirds, including endangered endemic species such as the Junín grebe (Podiceps taczanowskii), the black redfish (Laterallustuerosii) [9] and the endangered Junín giant frog (Batrachophrynus macrostomus) and present native flora of the puna, as well as for the impressive scenic beauty it shows.
In this context and considering that Lake Junín plays a transcendental role in the origin of the Mantaro River (main tributary of the Amazon basin), which Open Journal of Marine Science supplies water for the development of agricultural activities, fish farming and electricity generation [10] , the need arises to use tools that allow monitoring the quality of these ecosystems in order to achieve a sustainable management of wetlands. The objective of this study was to evaluate the distribution and accumulation of heavy metals in the surface sediment of Lake Junin using the contamination factor, contamination load index and geoaccumulation index.
Materials and Methods

Study Area
Lake Junin is located in the Junín National Reserve, in the central Andes of Peru at 4090 meters above sea level. It is the highest lake and the second largest in Peru after Lake Titicaca, with an extension of 34 kilometers long by 16 wide and a depth of 12 meters. The lake is fed mainly by the San Juan River, located at the northwest end of the National Reserve whose average annual discharge is 286,030,000 m 
Collection of Surface Sediment
The collection of the surface sediment (top 10 cm) was carried out in the 10 interior sites of the lake by means of a Hydro-Bios Ekman-Birge dredge. Three sediment samples were collected at each sampling site. The sediment samples were digested according to USEPA 3051 [12] with some modifications. In summary, 1.00 gram of dry sample was transferred to a 150 ml beaker, 2.5 ml of nitric acid (HNO 3 ) and 10 ml of hydrochloric acid (HCl) were added; the beaker was covered with a clock moon and led to digestion by the microwave-assisted method. The established digestion program was: 17 minutes at 120˚C, 15 minutes at 210˚C and 30 minutes at 210˚C. After cooling the digestion product was transferred to a 100 ml pan and gauged with ultrapure water. The sample was stored at 4˚C and filtered before analysis.
The determination of heavy metals and arsenic was performed by the method of atomic absorption spectrophotometry by flame (air-acetylene) using the Perkin Elmer Analyst AA-6800 atomic absorption spectrometer, Shimadzu brand. Previously, the standard solutions were prepared and read in increasing order of concentration with which the calibration curve was elaborated and then the reading of the respective samples was made. Open Journal of Marine Science 
where, "C m sample" is the concentration of specific heavy metals in the sediment sample and "C m background" is the concentration of heavy metal in natural ref-
erence sediment [13] . The categories of CF < 1, are described as low contamination factor; 1 -3, moderate contamination factor; 3 -6, considerable contamination factor, and ≥6 very high contamination factor.
Pollution Load Index
The Pollution Load Index (PLI) was applied to determine metal contamination Open Journal of Marine Science in lake sediments using the procedures of Tomlinson et al. (1980) [14] .
where n is the number of metals and CF is the contamination factor. PLI is a powerful tool in the assessment of heavy metal contamination. A PLI value of zero indicates perfection, a value of one indicates the presence of only basic levels of contaminants, and values above one would indicate progressive deterioration of the site and the quality of the lake environment.
Geoaccumulation Index
The geoaccumulation index (I geo ) is widely used to determine and calculate sediment contamination by comparing the concentration of a given metal with its geochemical background concentration [15] . The I geo is an important index for determining sediment quality at each sampling site.
where C n is the concentration of the metal determined in the sediment, B n is the concentration of the background metal. In Equation (1), the constant value (1.5) is multiplied by the concentration of the background metal in order to correct for natural fluctuations and anthropogenic influence. Müller proposed seven classes of geoaccumulation indices: I geo ≤ 0, class 0 (practically unpolluted); 0 < I geo < 1, Class 1 (unpolluted to moderately polluted); 1 < I geo < 2, Class 2 (moderately polluted); 2 < I geo < 3, Class 3 (moderately to heavily polluted); 3 < I geo < 4, Class 4 (heavily polluted); 4 < I geo < 5 Class 5 (heavily to extremely polluted); I geo > 5, Class 6 (extremely polluted).
Statistical Analysis
The mean descriptive statistics, standard deviation and range of heavy metals and arsenic concentrations measured in Lake Junin sediment were analyzed using the IBM SPSS Statistics 25 software package. Principal component analysis was used to identify important indicators and investigate possible sources of heavy metals in sediment quality. The Spearman correlation analysis was performed to evaluate the relationships between different heavy metals and arsenic. Table 1 shows the descriptive statistics of heavy metal and arsenic concentra- 
Results
Distribution of Heavy Metals and Arsenic in Lake Sediment
Analysis of Main Components
The analysis of major components (PCA) of the concentration of heavy metals and arsenic and sampling sites is presented in Figure 2 . The percentage of total variation of the observations of the first major axis was 90.15%; this indicates that the distribution of the data is due to particular characteristics and that its interpretation is very close to the actual observation. The perceptual map shows that there is no marked difference between sampling times. However, site LJ1 presents significant differences with respect to the other sites. The PCA also reveals that there are significant loads of heavy metals and arsenic that significantly influence sediment quality. where it ranked as a significant contamination factor at both sampling times.
Accumulation of Heavy Metals and Arsenic in Lake Sediment
The PLI in sectors I, II and III of Lake Junin ranged from 0.0721 to 0.3260; indicating that there is no appreciable contamination by these metals. Table 3 shows the values of the geoaccumulation index (I geo ) of heavy metals and arsenic obtained from the average values of their sediment concentrations in Open Journal of Marine Science Figure 2 . Analysis of the main components of the sampling sites of Lake Junín, from the concentrations of heavy metals and arsenic in sediment. Lake Junin. The values of the I geo obtained were < 1, in 80% of the sampling sites, corresponding to class 1. The I geo obtained indicates that the sampling sites are not contaminated by the heavy metals under study or are moderately contaminated. The I geo of Fe and Cr follows a tendency to be I geo = 0, indicating that the sampling sites are not contaminated with these metals. The I geo values of Cu, Pb, Zn show an upward trend, 0 > I geo < 1, indicating that the sites show signs of contamination, while the I geo values of Cd in 20% of the sampling sites were 1 < I geo < 2, showing that they are moderately contaminated, at both sampling times.
Discussion
Spatial and Temporal Distribution of Heavy Metals and Arsenic in Lake Sediment
The mean concentration values of heavy metals and arsenic obtained in the sediment of Lake Junin were compared with the PEC threshold values [16] with high mining activity; as well as from runoff from adjacent agricultural areas that are dedicated to the intensive cultivation of Lepidium meyenii Walpers, which could be responsible for the release of Cu, Cd, Pb and Zn; since these are present in fertilizers and pesticides [19] . The increase of these metals could affect the geochemistry of the sediment and cause negative impacts to the biota.
Iron is the fourth most abundant metal in the earth's crust, present in natural waters. In the aquatic environment, the chemical behavior of iron is determined by pH, oxide-reduction reactions and inorganic and organic complexes [20] .
The concentrations of this metal found in the study did not exceed the international reference values, which indicates that there is no contamination of the sediment by iron. Copper, as an essential trace element, is required by biological systems for the activation of some enzymes during photosynthesis [21] . However, in aquatic environments copper is toxic to a variety of organisms, even at very low concentrations [20] . Mining activities in areas adjacent to the lake and the discharge of domestic and industrial wastewater would be the main sources of copper loading in the aquatic environment. Despite results with copper concentrations not exceeding the IAEA-SL-1 and ISQG reference material values in sectors II and III [17] [18] , the sediments in sector I continue to show concentrations that reveal contamination. This can be attributed to the resuspension and transport of old sediments by the tributary rivers to the lake.
Chromium is an essential micronutrient for animals and plants. It is considered an element of biological importance and relative contamination [7] . Generally, the natural chromium content in water is very low, except in regions where it is used extensively in industrial processes; this generates large amounts of wastewater with high concentrations of chromium in water bodies. Chromium enters the aquatic environment through natural (volcanic eruptions, geological weathering of rocks, soils and sediments) and anthropogenic (burning of fossil fuels, production of chromates, manufacture of plastics, electroplating of metals and leather industries) sources. The results obtained reveal that there is no contamination of the sediments by this heavy metal.
Cadmium occurs naturally in soil and rocks. It is widely used in galvanic industries, welding, batteries, televisions, ceramics, photography, insecticides, electronics, metal finishing industries and metallurgical activities [22] . The Open Journal of Marine Science findings of this metal in Lake Junin exceed the mean value of the IAEA-SL-1 reference material and those of the ISQG of Canada in the three sampling sectors (northern, central and southern part of the lake). Although the concentrations of this metal are lower than those reported by the National Water Authority [11] , they are still of concern. These results can be attributed to point and diffuse sources of pollution such as cadmium-containing pigments, cadmium-containing phosphate fertilizers, waste water, detergents, nickel-cadmium rechargeable batteries and other industrial activities.
Lead is a heavy metal found as metallic lead, inorganic and organometallic compounds. Lead is found in nature in the forms tetravalent (Pb +4 ) and divalent (Pb +2 ), where Pb +2 is predominant and slightly soluble in water [23] . Lead is extremely toxic to most life forms, especially aquatic organisms [24] . The high content of lead found in sector I becomes a concern for the administrators of the water resource and the Junin National Reserve due to the toxicity it represents for human beings and the organisms whose habitat is the lake. Zn is an essential element for life; it activates enzymes. It is found in food and drinking water in the form of salts or organic complexes [25] . The main sources of Zn contamination of the aquatic environment are zinc-containing fertilizers, sewage sludge and mining. Urban runoff, mine drainage, and municipal wastewater are the most concentrated sources of zinc in water [26] . The Zn does not accumulate in the body; its action in the aquatic fauna depends on the hardness of the water, oxygen and temperature. The salts of alkaline earth elements reduce the toxicity of Zn, while increasing the temperature, while the decrease in the concentration of dissolved oxygen increases the toxicity of Zn [27] . The registered contents of this metal in Lake Junín did not exceed the international reference values.
As is found in the earth's crust, in minerals in the form of amorphous and crystalline powder, in certain areas the concentration of arsenic may be higher than normal and creates serious health hazards for humans and animals. It enters the environment through natural rock weathering, mining and smelting processes, pesticide use, and coal combustion. The results showed arsenic contents that exceeded the PEC, IAEA-SL-1 reference material and ISQG values in the lake sector I. The results showed arsenic contents that exceeded the PEC, IAEA-SL-1 reference material and ISQG values in the lake sector I. The arsenic and heavy metal contents recorded in this study are lower than those reported by the National Water Authority in 2014; this would reveal the results of the actions of the Chinchaycocha 2017-2021 Sustainable Environmental Management Plan, assumed by the Peruvian government in the Junin National Reserve.
Accumulation of Heavy Metals and Arsenic in Lake Sediment
The sources of heavy metal contamination of sediments are natural and anthropogenic. Therefore, due to their biological toxicity, the geochemical properties and transferability of heavy metals could be modified [28] . The CF values of the heavy metals studied and the As revealed that Lake Junin has low, moderate and considerable pollution. The high CF values are due to the strong pressure ex-Open Journal of Marine Science erted by the waters of the Upamayo dam that receives the waters of the San Juan River; which transports high contents of these chemical elements, products of the mining exploitation that takes place in the area [29] . Other important sources of pollution are the Carhuamayo, Hualamayo, Chacachimpa and Pomahuilin rivers, tributaries of the lake [11] . The persistence of sediment contamination could cause latent effects, as metals can move through the food chain and negatively impact aquatic biota [30] .
Excessive exposure or ingestion of contaminated aquatic biota can be toxic to birds, fish and other vertebrates. PLI values of evaluated Lake Junin sediments do not reveal appreciable contamination with these metals. However, PLI can provide some understanding to the public about the quality of some component of their environment, as it requires the spatial-temporal trend. In addition, it provides valuable information to water resource managers on the level of contamination that a body of water can present.
The I geo obtained reveals that the sampling sites of Lake LJ1 and LJ3 are moderately contaminated by Cd. This can be attributed to anthropogenic sources through the contribution of tributary rivers near these sites. The contamination by Cd constitutes a risk for the aquatic environment; since it affects the behavior of predation, feeding, social, growth and reproductive function. In addition, the persistence of Cd in sediments could cause latent effects, as this metal can move through the food chain and impact aquatic life. Continuous monitoring of the lake is suggested in order to contribute to the conservation status of the lake, the diversity of birds that it shelters, since it would benefit the Junin National Reserve. In addition, in Peru it is necessary to establish a regulation on the control of sediment contamination, since when contaminated sediments are altered, heavy metals and metalloids attached to sediments can be returned to the water column, affecting water quality and the structure of ecosystems.
Conclusion
The concentrations of heavy metals and arsenic in Lake Junín sediment were determined in order to evaluate their distribution and accumulation. Most of the mean values of the metal concentrations analyzed in the two sampling periods did not exceed the PEC, IAEA-SL-1 and ISQG reference material values. Cu and As exhibited mean values that exceeded the reference limit values at both sampling times. All heavy metals studied Fe, Cu, Cr, Cd, Pb Zn; as well as As in the sediments of the 10 Junin Lake sampling sites revealed a low contamination factor (CF < 1) for most metals, while the values of CF were qualified as moderate pollution factor and for Cd as considerable pollution factor. The PLI in sectors I, II and III of Lake Junin revealed that there is no appreciable contamination with these metals. The I geo obtained reveals that the sampling sites of Lake LJ1 and LJ3
are moderately contaminated by Cd.
Recommendations
It is recommended that in the near future, sediment quality standards be imple-
